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The problem  of affecting upon an asteroid  by the neutron radiation  of nuclear explosion was
considered. This eflect  was estimated  depending  on time, the altitude of explosion, energy
spectrum, asteroid  density an[i chemical composition  a]~d the angle of fall for two-dimensional
paralleljlow  of absorbed energy  of neutron  radiation. To afirst approximation,  the temperature
fields generated  in asteroid  by the neutron irradiation were obtained  and compared  with the
appropriate  temperature$eld generated by the x-rdiution  of nuclear explosion.

The Problem  Statement
Nowadays concentration  of energy in the nuclear  explosives  is the highest  if compared  with the other well-

known  sources  of energy.  This fact allows to consider  nuclear  explosives  ,as the most  promising  means  of effect
upon  the near-Earth-objects  (NEO).

In the course  of nuclear  explosion  a space object  is exposed to different  types of effects,  intensity  of which
depends  on the nuclear explosion  yield, the distance  to the space object, the object  dimensions,  the constituent
materials  and the nuclear  explosive  (Jesigm.

The fraction  of energy  transferred  to the space object  at the explosion defines the scale of the effect.  For a buried
explosion  this  fraction  is maximum [1,2,3], but to provide  such explosion  is a very complicated techuicrd problem.
It is technically  much more easy to conduct  a surface  or stand-off  explosion.  In addition  to the fraction  of absorbed
energy there is one more significant  ch.amcteristic,  the area of energy absorption  or what kind of source of
gasdynamic  motion  appears  in the asteroid.

The motion of the asteroid  ground in the surface  and stand-off  explosions  is determined  by the amount  of energy,
which is transferred  to the asteroid  materi,at directly. The energy of the explosion  is transferred  to the ground in the
form of X-radiation,  neutron radiation  and the impact  of nuclear  explosive  vapors  u~}n the surface  of the asteroid.  As
it is showu in the papers [1,2,3] the fraction  of energy  traasfemd  to the ground by X-radiation  is about  6Y0 of the
total energy  of explosion  and the contribution  of the vapor impact  is about 2~0. However,  the effect of neutron
radiation  of the nuclear explosive  which results  in the ground heating is not considered  in these papers.  In this  paper
we provide  data allowing  to estimate  the heating effect. Note, that  some issues of neutron effect upon  the asteroids
are ex,amined  in the papers  [5,6].

me following  types  of the nuclear  explosions  will] the yield  of lMT are under consideration:
surface  explosions  (lm above the surface);
stiind-off  explosions  at the altitude  of 1.5 m, 5 m, 10 m;

– distant  explosions,  when the neutron tlux affecting  the surface c,an be considered  as two-dimensional
parallel.

Asteroid  is considered  to be stony with two types of chemical  composition:  Si02 and
00.56 gSio.167Feo.oGMgo.  139Alo.oG5.  The terrestrial  rocks can play the role of ~lalogs.  The asteroid  density  is
assumed  to be 1, 2 and 2.7 g/cm3.

In general,  neutrons  carry a small  fraction of the explosion  energy. Thus, in the process  of fission the kinetic
energy  of neutrons  is about  2.5%) of total  released  energy. In the process  of fusion the fraction of the kinetic  energy
of neutrons  is much higher  (it reaches  80~o of total  energy in the D-T process).  However,  in the current
thermonuclear  explosives  about  a half of total  energy  is produced  in the process  of tission.  Moreover,  the conditions
of thermonuclear  fuel combustion  ,are provided  by surrounding  it with  structural materials  of large mass.  This leads
to the moderation  of neutrons  and their absorption  by the structure  components  and, as a result,  to the distortion  of
spectrum  of the emitted  neutrons  towards  its softening.  Ultimately,  tie main fraction  of energy  is released by the
current thermonuclear  explosives  of gross yield  in the form of x-radiation.

We assume,  that  during explosion  having yield  E (MT) the E~fE fraction of energy  is released  due to tlssion
and the EtqtE fraction  is released  due to thermonuclear  reactions.  We ignore the neutron  spectrum  distortion
occurring  while the neutrons  pass the layers  of the nuclear explosive  structure.  The k coefficient  expresses  the
absorption  scale.



  

              
                
         

  

                 
                

            

      

               
    

   

          

                 
               

   

     
                

                
                
                   
       

                 
                  

                      
          

                
                 



        

 

 

 

       

              
                

        
                   

               
    

                  
                 
               

                       
               

  

 

  
     

       

         
                  

                  
                 

                  
              



      

             
                     

        

 

 

 
 
 

                   
                

                   
                    

                
                

                 
                  

            

 
     

    

 
   

 



     

 

 

 
    

         
      

     
                

                   
               

                
                  

          

 

 

 
 
 

                  
                   

                 
                  

      



      

 

 

   

 
   

           
           

      
             

               
                  

        

 

  
 

  

                
             

                   
         

      
                  
                 

                 
                 

             
            

                  
                   



    

                   

       

                 
                 

             

 

       
       

 



       

 

 

       
       

 

  
       

              
                

                
       

             
               

                 
                       

              
                    

                
                    
                
                   

     
                 
            

                 
          

                 
                 

                  

               
            

                 
        



C. The softening  ofspwtrum  and the kcrease  of the number  ofneutrons  due to their interaction  with the
nuclear  explosive  &sign lead to rduction  of absorbed energy.

Above  mentioned  aspects  should be considerti  in &tail and they are beyond the scope of this  paper. But these
factors can equalize  the effectiveness  of 14 MeV neutrons and x-radiation.

Conclusions
1. The effect  of neutron radiation  of fission spectrum  on an asteroid  can be ignored, if compared  with x-

radiation  prtiuced  by an explosion  of the same yield.
2. 14 MeV neutron  radiation  in ‘zero’ approximation  is more effective  than x-radiation  of an explosion  of the

same yield.  But their  effectiveness  can appear  to be equ,al, if the physical  essence  of an explosion  is examined in
(letail.

3. Pre(liction  of the asteroid behavior  after the impact  of neutron radiation requires  reasonably  accurate
Imowldge  of the physical  and chemical  properties  of the asteroid  ( such as shape, density, material  composition,
etc.), since gasdynamic  source formation depends  upon  them.

4. The results  obtained  can be used as the initial  (lata for (Determining  the momentum,  which NEO acquires  due
to the effect  of neutron radiation  of the nuclear  explosion.
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